. The mean bite force in the sides with and without MDMR was 538.19 ± 196.94 N and 396.22 ± 157.69 N, respectively. There was a statistically significant difference between groups with and without MDMR (p = 0.00). There was no statistically significant difference in bite force between groups according to Angle's classification (p = 0.581 (Folia Morphol 2018; 77; 4: 711-716) 
INTRODUCTION
The medial depression of the mandibular ramus (MDMR) was first described in 1983 by Langlais et al. [11] . MDMR is a normal anatomical depression and described as a result of a slender mandibular ramus in the area of the mandibular notch [6] . On panoramic radiographs, these depression areas appear as a radiolucent region due to decreased absorption of X-rays. MDMR may be unilateral or bilateral and sometimes misinterpreted as a pathological condition [6, 11] .
The aetiology of MDMR is still unclear. While some authors claim that it is a developmental variation, some others think that it is congenital [19] . MDMR area is thin, and an increased hassle in splitting the ramus may be anticipated. Patients with MDMR may therefore have an increased potential for complications such as bleeding, paresthesia and relapse [14, 17] . It is therefore useful to assess the presence of MDMR in patients who are to undergo orthodontic surgery. Using different investigation methods, studies report different prevalence rates of MDMR in different sample groups. Sudhakar et al. [19] report a higher prevalence of MDMR in patients with dentoskeletal deformities detected on panoramic radiographs.
Studies indicate that the medial and posterior attachments of temporal muscle are held into sigmoid area, and therefore, the size and shape of MDMR may be due to variations in muscle function [18] . It is reasonable to draw an association between the size and function of the masticatory muscles and craniofacial morphology [15] . Accordingly, the function of the temporal and masseter muscles shows correlation with bite force [15, 24] .
Though the effect of bite force on the aetiology of MDMR is unknown, some researchers argue that muscle function may be associated with MDMR since the medial and posterior attachments of temporal muscle are inserted in this area. However, no studies have been conducted so far to investigate this possible association. The aim of this study is to investigate the effect of bite force on the aetiology of MDMR on the assumption that MDMR could be an indicator of masticatory muscle function in orthognathic patients before any surgical intervention. Moreover, information on muscle activity can be used to determine post-operative relapse risks and further treatment options.
MATERIALS AND METHODS
A power analysis was performed using G*power, version 3.1.9.2 (Franz Faul, Universität Kiel, Germany). Results showed that a total sample size of 102 patients would give more than 80% power (actual power = 0.8058) to detect significant differences with an effect size of 0.50 at a significance level alpha = 0.05. To this end, 110 patients between the ages of 18 and 30 years (55 women and 55 men; mean age 22.69 ± 2.85 years) were recruited for the study. Affecting the measurement of bite force, anthropometric evaluation was performed. Body mass index (BMI) was calculated in kilograms per square meter and patients within the normal range of BMI (18.50-24.99) were included in the study [25] .
Patients were divided into two groups based on the presence of MDMR on panoramic radiographs. Group 1 and Group 2 (control group) consisted of patients with and without MDMR, respectively. All volunteers read and signed an informed consent form prior to participation in the study. The study was approved by the administration of the Faculty of Dentistry and conducted in accordance with the guidelines of the Helsinki Declaration, with no invasive procedure performed.
Patients excluded from the study are those with 1) developmental malformations and pathologies in the maxillofacial region, 2) a history of trauma in the maxillofacial region, 3) muscular disorders, 4) bruxism, 5) a unilateral chewing habit, 6) temporomandibular disorders, 7) no maxillary/mandibular permanent first molars and 8) a history of surgical intervention in the mandibular ramus area.
All participants were selected from patients undergoing routine radiographic examination. Panoramic radiographs were taken using a digital panoramic radiography unit (Instrumentarium OP200D; Tuusula, Finland). MDMRs were detected and classified by two oral radiologists. Geometric shapes of MDMR were classified based on the varieties available in the literature: tear-drop, semilunar, circular and triangular ( Fig. 1 ) [6, 11] . The control group was randomly selected. 
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Bite force of participants was measured using a bite force sensor (Viste, Hong Kong, China) manufactured for medical purposes. The force sensor is made of stainless steel plates. The external surface is covered with rubber that provides easy bite for patients ( Fig. 2A) . The device displays values in kilograms converted into Newton (N) force values (Fig. 2B) .
Bite force measurements were made between maxillary and mandibular first molar teeth on the right and left side (Fig. 2C) . Prior to measurements, the patient was told to sit on the examination chair and his/her head was positioned with the Frankfurt Horizontal Plane parallel to the floor. He/she was instructed to bite the sensor with maximum force without moving his/her head. Once bite force reached maximum on the digital indicator, the procedure was terminated. Bite force was measured twice from the right and left side, and the mean value of each measurement was registered. Data were analysed using the Statistical Package for Social Sciences (SPSS), version 20.
Normality of data distribution was tested using Kolmogorov-Smirnov and Shapiro-Wilk tests. Since the data were not normally distributed (p < 0.05), Kruskal-Wallis and Mann-Whitney U tests were used for statistical comparisons between the groups. Table 1 shows the mean values of measurements.
Regarding the shape of MDMRs, semilunar (36%) was the most common, followed by circular (29%), triangular (23%), and teardrop (12%). There was no statistically significant (p = 0.486) difference in bite force between MDMR types. Semilunar and circular shapes had higher values than other types of MDMR (Table 2) .
According to Angle's classification, the prevalence of MDMR was highest in class I (52.5%), followed by class III (48.7%) and class II (48.4%). their contractile fibres [8] . A large spectrum of stimuli affecting the jaw muscles may reveal information on anatomical and physiological variations in individuals. Kitai et al. [9] used computed tomography to analyse craniofacial structures and reported that local skeletal sites were affected by adjacent elevator muscles with mechanical stresses. Moreover, Storey [18] claimed that the size and shape of depression in bone may be due to variations in muscle function. In light of this information, we assumed that there might be an association between muscle function and MDMR. In order to analyse this phenomenon, we compared bite force of patients with and without MDMR to see if there is any statistically significant difference between them.
Comparing bite force performance was the method of choice because bite force is the only indicator of muscle activity that can be measured via oral cavity using a simple device. Besides, there is a close positive relationship between the electromyographic activity of the jaw elevator muscles and bite force (the masseter, temporal and medial pterygoid muscles) during isometric contractions [15, 24] .
Using a similar method, Szymańska and Sidoro wicz [16, 21] evaluated the relationship between bite force and facial skeleton morphology. They found a significant relationship between bite force and the posterior height of the maxilla alveolar process.
The present results show that there is a statistically significant difference in bite force between patients with and without MDMR (p = 0.00). Considering the impact of muscle activity on bone development, we can state that these results are reasonable. We can therefore argue that muscle activity may be involved in the etiology of MDMR and that patients with MDMR may have better bite force performance than those without MDMR.
Maximum bite force is one of the most important indicators of the functional situation of the masticatory system and its value is used to diagnose disorders of the musculoskeletal system of facial skeleton [20] . Maximum bite force is affected by skeletal craniofacial morphology, depending on the posterior/ anterior facial height ratio, vertical facial relationships, mandibular inclination and gonial angle [16, 21, 22] . Malocclusions are commonly associated with reduced maximum bite force. Therefore, orthodontic treatment may be necessary to increase function [23] . There are many studies that investigate how maximum bite force affects the development of cran- There was, however, no statistically significant difference in prevalence between the groups (p = 0.53; Table 3 ).
DISCUSSION
The jaw muscles are regularly used. Their adaptive changes are not always consistent but vary according to the features of teeth, and force and duration of stimulus. The jaw muscles apply forces on the teeth and jaw in order to monitor the position and movement of the mandible. The jaw muscles can evoke strong contractions due to the regular system of iofacial morphology and dental malocclusions [1, 3] . Bite force occurs as a result of the upward movement of the mandible like a leverage. The more vertical the ramus and sharper the gonial angle, the greater mechanical advantage the elevator muscles have [1, 5] . MDMR is also reported to be associated with different skeletal traits. Dalili and Mohtavipour [7] reported a higher prevalence of MDMR in patients with malocclusion while Sudhakar et al. [19] reported a higher prevalence of MDMR in Angle's class II malocclusions (9.3%) than in Angle's class III (7.6%). Some studies also report that MDMR is more prevalent in patients with dentoskeletal deformities than in patients with an Angle's class I occlusion [4] . However, on the contrary, the results of this study show that patients with an Angle's class I occlusion have a higher prevalence of MDMR even though the difference in prevalence between the groups is not statistically significant. This result may be due to the small sample size. Another important result of this study is that Angle's class I occlusion group (460.41 N) had higher bite force values than Angle's class II (447.19 N) and Angle's class III (441.02 N) groups. However, there is no statistically significant difference between the groups, which may due to the fact that the dental classification of malocclusion does not reflect the skeletal malformation of patients.
Maximum bite force is highest in the molar region. Maximum bite force in the molar region ranges from 300 N to 600 N in healthy adults with natural teeth [2] . Maximum bite force is usually reported to be higher in men than in women, which is also confirmed by this study. The greater muscular potential of men may be associated with anatomical differences [12] . Previous studies suggest that hormonal differences between men and women may have an effect on the composition of muscles [13] . However, differences in maximum bite force between men and women are not evident until the age of 18 years. It is obvious that maximum bite force increases during growth and development without gender specificity. During the postpubertal period, maximum bite force increases at a higher ratio in men than in women depending on hormonal activity, and therefore, it becomes genderspecific [3, 10] .
CONCLUSIONS
Results show that muscle activity may be involved in the aetiology of MDMR and that the presence of MDMR may be an indicator of high muscle activity, which is important especially in orthognathic surgery planning. Since high muscle activity is considered to be a risk for relapse, patients with MDMR should be carefully evaluated prior to any surgical intervention.
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